The relationship between the Mg chelation and the methylation steps in chlorophyll biosynthesis is not fully understood. Radmer and Bogorad (9) , Ebbon and Tait (3) and others (4, 6, 11) have presented evidence in favor of the sequence Proto3 Mg-Proto -* Mg-Proto Me. However, Gorchein (7) has proposed that the chelation and the methylation steps are obligatorily coupled in Rhodopseudomonas spheroides.
In our work thus far (2, 5, 8) , we have assayed Mg chelation spectrofluorimetrically without determining whether the product is methylated or not. In the present study, we have reinvestigated the chelation and methylation steps using a newly developed HPLC technique for the separation of Mg-Proto and Mg-Proto Me. The conditions necessary for the methylation of Mg-Proto have also been described.
MATERIALS AND METHODS
Reagents. ATP (Na2 salt) and EDTA were purchased from Sigma. Hepes, Tes, cysteine, BSA (fatty acid-poor), and DTT Plant Physiol. Vol. 69, 1982 Incubations were terminated by quick-freezing in a Dry Ice/ methanol bath, and the samples were lyophilized with the tubes shielded from light by foil. The lyophilized incubation mixtures were extracted four times with 3.6 ml absolute methanol. The samples were centrifuged briefly to clarity between extractions. To the combined methanol extracts was added 1.6 ml H20. The 90% methanol extract was then washed twice with equal volumes of hexanes. Porphyrins and metalloporphyrins were determined spectrofluorimetrically in hexanes-extracted 90% methanol by comparison with standards.
Preparation of Samples for HPLC. Ten ml of the methanolic extract was shaken with 5 ml 2-methylbutane to remove the dissolved hexanes; the upper phase was discarded, and the dissolved 2-methyl butane was quickly removed in a stream of N2.
Three ml saturated NaCl was added, the pH was adjusted to 6.8, and the aqueous methanol phase was extracted twice with equal volumes of diethyl ether. The combined ether extracts were washed twice with 10 corresponds to Mg-Proto derived from Proto (peak 2). If I mm SAM is added along with 10 mm ATP (tracing B), Mg-Proto Me is produced (peak 6), with a concomitant decrease in Mg-Proto. The addition of 2 mm Met and 10 mm ATP to reaction mixtures does not result in the production of Mg-Proto Me (data not shown). Tracing C shows the pigment profile obtained from extracts of greening etioplasts which were lyophilized immediately following isolation. Peaks 3, 5, and 7 agreed, respectively, with authentic Chlide, Pchlide, and pheophorbide. The identity of peak 4 (tracing B) has not been determined. Peak 4 was found only in incubation mixtures containing SAM. Its fluorescence emission was very similar to that of Mg-Proto and Mg-Proto Me. The volume of extract injected and the sensitivity of the detector were adjusted for each chromatogram. Therefore, chromatogram profiles cannot be related quantitatively to one another. Figure 2 shows the chromatogram tracing obtained from extracts incubated in the presence of 3 .tm Mg-Proto. In the absence of SAM, the major pigment is the Mg-Proto substrate (tracing A, peak 1). 
DISCUSSION
The incubation mixtures we have used in our previous work (5, 8) are analogous to the one analyzed in Figure 1 , tracing A. This tracing shows a small amount of Mg-Proto Me, which is most probably endogenous (compare with tracing IC), but a large amount of Mg-Proto. Upon addition of SAM to the incubation mixture (tracing lB), the Mg-Proto peak drops drastically, while a large amount of Mg-Proto Me is formed. ATP plus Met do not replace SAM in this system. Evidently, the synthesis of SAM does not proceed in our incubation mixtures at a rate which is sufficient Mg-PROTO Me DE NOVO SYNTHESIS to sustain Mg-Proto methylation. Possibly, the enzyme Met-adenosyltransferase (EC 2.5.1.6) is cytoplasmic, and is therefore removed during the plastid isolation; or possibly this enzyme, although plastidic, is somehow inactivated.
In Figure 2 , exogenous Mg-Proto was added in lieu of relying on the Mg-Proto synthesized de novo from Proto and Mg in the presence of ATP. The results (Fig. 2 ) are entirely consistent with the previous ones (Fig. 1) . In the absence of SAM (tracing 2A) there is no conversion of Mg-Proto to Mg-Proto Me, and in the presence of SAM (tracing 2B) most of the Mg-Proto is converted to Mg-Proto Me.
In these experiments ( Figs. 1 and 2 ), Mg-Proto Me was protected from further metabolism (both anabolic transformations in the direction of Pchlide synthesis and aerobic catabolism) by the N2 atmosphere. Incubations, and so far as possible, pigment extractions were carried out in the dark in order to protect porphyrins from photodecomposition. (9) and Ebbon and Tait (3), based on earlier experimental work. No evidence was discovered that would support the coupling of the chelation and methylation steps. We therefore conclude that, at least in greening cucumber cotyledon plastids, the chelation step precedes the methylation step.
